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ABSTRACT
We have shown previously that normal mice become tolerant to endogenous IgE when they are approximately 2 weeks old and that this corresponds closely with the initial appearance of IgE in serum. Tolerance evidently is restricted to T cells, since B cells responsive to IgE are present in neonatal and adult mice. The present report shows that IgE-secreting cells can be detected in the thymus between days 7 and 11 after birth and that the onset of tolerance to IgE occurs at the age of 11 Tolerance in the immune system can result from the absence of a response to antigen of B cells or T cells. Mechanisms of tolerance induction include deletion or anergy of responsive cells or the action of suppressor T cells (1, 2) . The immune tolerance of adult mice to endogenous IgE resides in their T cells. The responsiveness of B cells is shown by the ability of mice to produce high titers of serum antibodies (up to 1 mg/ml) specific for isotypic determinants of IgE when challenged with a keyhole limpet hemocyanin (KLH) conjugate of syngeneic monoclonal IgE (3) . KLH evidently provides the necessary T-cell help because adult mice do not respond to unconjugated IgE. Between the ages of 2 and 10 days, however, mice produce anti-IgE antibodies in response to unconjugated IgE administered in complete Freund's adjuvant (4) or in saline (5) . The loss of responsiveness to unconjugated IgE correlates with the initial appearance of detectable IgE in serum at the approximate age of 2 wk (4, 5). We proposed that T cells are tolerized by IgE and that the delayed onset of tolerance is due to the inability of the newborn mouse to synthesize IgE.
Inoculation of IgE into neonatal mice also results in tolerance of another type-namely, the prolonged inability to synthesize IgE antibodies in response to antigen (6, 7) . We demonstrated that this is accompanied by profound decreases in the level of serum IgE and the number of IgEsecreting cells in the spleen (4, 5 When IgE is inoculated in saline on the day of birth, it fails to elicit anti-IgE antibodies and renders mice tolerant to IgE inoculated on day 9 or 10 (that would otherwise have caused the synthesis of anti-IgE) (4) . Tolerance to a challenge on day 9 can similarly be induced by inoculations of small (0.25 ,g) doses of IgE on days 3, 5, and 7; larger amounts of IgE (_5 ,ug) are immunogenic rather than tolerogenic when inoculated on these days (8, 9) .
Alternatively, mice can be tolerized against a challenge with IgE on day 9 or 10 by inoculation of 5 x 106 syngeneic adult splenic B cells, but not T cells, on the day of birth (4, 8) . B cells from 9-day-old mice, which lack detectable serum IgE, are not tolerogenic (8) . The adult B cells lose their effectiveness after panning on an anti-IgE-coated Petri dish (9) . It was estimated that the amount of IgE on the surface of 5 x 106 adult B cells is less than 4 ng (9).
Andreu-Sanchez et al. (10) have recently demonstrated that substantial numbers of immunoglobulin-secreting cells are present in the thymus of normal adult and neonatal mice. The secreted isotypes identified were IgA, IgG, and IgM. We show here that IgE-secreting cells are present in the thymus and that they can first be detected between the ages of 7 and 11 days, which corresponds closely with the onset of tolerance to IgE. IgE-secreting cells were not demonstrable in spleen or lymph nodes until the approximate ages of 15 or 21 days, respectively. The unexpected, very early secretion of IgE in the thymus may provide a potent tolerogenic signal to developing T cells. (CRI-) and SE20.2 (CRI)) are of A/J derivation and are specific for p-azobenzenearsonate; each mAb was affinitypurified (4) . Radioimmunoassays for Mouse Anti-IgE and for Serum IgE. These assays were performed as described (5 Fig. 1 shows the age dependency of responsiveness of A/J mice to 100 tug of an IgEK mAb (SE17.1) in saline inoculated i.p. on the day specified. Each time point represents the mean serum anti-IgE titer of six to eight mice, determined 4 wk (Fig. 1A) or 9 wk (Fig. 1B) The number of mice in each group is specified in the second column. Data are mean numbers of cells ± SEM. NT, not tested. *Cells from 3 mice were pooled.
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of IgE (12) . Miyama-Inaba et al. (13) have shown that 60-80% of murine thymic B cells express the CD5 (Ly-1) antigen (14) . Thymic B cells were found to be much more effective than B cells from the spleen (most of which are CD5-negative) in inducing tolerance to Mls antigens (15) . Among questions that should be explored are whether thymic IgE-secreting B cells express the CD5 antigen and whether tolerance is accompanied by the deletion (16) or inactivation (17) of IgE-reactive T cells. Since tolerogenesis evidently takes place in the perinatal thymus, clonal deletion of T cells is a probable mechanism. The time course of appearance of tolerance to IgE in interleukin 4-deficient mice (18) would be of considerable interest.
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